Using infrared spectroscopy at grazing angle of incidence we study the electrodynamical properties of high temperature superconductors. We review some of our experiments where transverse polarized light is absorbed by longitudinal optical modes with their mode of oscillation perpendicular to the plane. This is particularly useful for the study of the plasmons and phonons perpendicular to the plane, and allows us to study in detail the c-axis dynamical properties of ux grown single crystals for which usually no samples with large dimensions in the c-directionexist.
Introduction and motivation
Recently P. W. Anderson pointed out 1 , that for single layer superconductors the following correlation should exist between the bare Josephson plasmon energy (in in units of meV ) a n d T c (in K) if superconductivity is caused by the Anderson-Chakraverty i n terlayer-tunneling mechanism: h! J = 2 :9 T c N(0) 1=2 d 1=2 a ;1 where a (in A) is the in-plane lattice parameter, d (in A) is the spacing between CuO 2 planes, and N(0) (in eV ;1 ) is the density of states at the Fermi energy per unit of CuO 2 . F or all cuprate superconductors N(0) is approximately 1 eV, as follows e.g. from speci c heat data. Experimentally one observes the plasma resonance at a reduced value ! J = p S due to screening. In the cuprates this reduction is a factor 3 to 5 depending on the compound considered. This relation between measurable quantities is a unique feature of this mechanism, and thus provides an experimental test of this theory. Using the above expression 1 we constructed the following 4 , w h i c h is not too far below the prediction based on the Anderson-Chakravarty m o d e l . F or the other systems no direct observations of the Josephson-plasmon energy have been reported yet, possibly due to the fact that samples of su cient t h i c kness for conventional normal incidence re ectivity experiments are not available.
The PARIS method
In this paper we discuss the re ection properties at grazing angles of incidence of anisotropic materials. In particular we consider the situation where the light is p-polarized, i.e. with the electric eld vector parallel to the re ection-plane, and where the dielectric tensor component of the material along the crystal surface is metallic-like ( R e is large and negative). In this case the absorptivity A p displays a series of resonance peaks at frequencies corresponding to the longitudinal optical modes with polarization perpendicular to the sample surface 2 . Using the Fresnel equations A p jn x j cos 2(2 ; A p ) = Im( p ) 1 + j p nx cos j 2 with p (!) = e i s 1 ; sin 2 z we obtain the pseudo-loss function Im( p )=(1 + j p =n x cos j 2 ) directly from the experimental data, without the need of a Kramers-Kronig analysis. In this expression is the angle of incidende with the surface normal (the z-direction), i = n 2 i is the dielectric tensor component a l o n g x i , a n d =2 ; Arg(n x ). If j z j sin 2 , this is the loss function Im(;e i = z ) w i t h a F ano-type phase factor. The limiting behaviour = 0 is reached for a superconductor or for a metal with ! 1. In the low frequency limit of a metal = =4. For a metal with su ciently far below the critical angle we h a ve j p j j n x j cos , so that the pseudo-loss function becomes Im( p ). Note that for grazing angles of incidence A p is enhanced with a factor 1= cos . W e r e c e n tly took advantage of this fact to study the in-plane conductivity o f L a 2;
x Sr x CuO 4 below T c in detail. 3 
